INTRODUCTION
Calcium carbonate (CaCO 3 ) precipitation in lacustrine environment is now a well-documented phenomenon. It occurs in hard-to moderately hard-water lakes such as, for example, Constance (Stabel, 1986) , Zurich (Kelts and Hsu, 1978) and Bourget (Groleau et al., 2000) . An earlier work on lake Geneva showed calcite to be oversaturated in the epilimnion between April and August (Jaquet et al., 1983) .
Autochtonous calcite precipitation is dependent on water temperature and pH, the latter increasing with phytoplanktonic primary production. Particulate matter, whether living (plankton and bacteria) or inert (organic or mineral detritus), plays an important role in heterogeneous calcite nucleation, a process at work in natural waters in which saturation index (SI) is too low to trigger homogeneous nucleation (Stabel, 1986) .
Picoplankton, as prokaryotic cyanobacteria (e.g. Synechococcus), or small eukaryotic phototrophs (e.g. Chlorella) , is now recognised as a significant part of autotrophic plankton in lakes as diverse as Baikal (Belykh and Sorokovikova, 2003) , Huron (Fahnenstiel et al., 1991) , Tahoe (Winder, 2009) and Maggiore (Callieri and Piscia, 2002) . In this last case, it is said to successfully compete with nanoplankton in periods of phosphorus (P) limitation. Picoplankton can be an important actor in CaCO 3 precipitation process, as confirmed by laboratory experiments and field study in lake Lucerne Dittrich and Obst, 2004) . Various strains of Synechococcus have been tested for their potential to sequestrate atmospheric CO 2 (Lee et al., 2006; Jansson and Northen, 2010) . This genus has also been found to be active in calcite ooid formation in western lake Geneva (Plée et al., 2008) , closely associated to biofilms.
The presence of extracellular polymeric substances (EPS) in biofilms is a key factor in the model of Dupraz et al. (2009) , which states that organomineralisation can be divided into two coupled elements: i) an alkalinity engine, driven internally by microbial metabolism or externally by the environment (temperature); and ii) an organic Preliminary investigations on picoplankton-related precipitation of alkaline-earth metal carbonates in meso-oligotrophic lake Geneva (Switzerland) o n l y matrix in which mineralisation will take place. Cyanobacteria (Pereira et al., 2009; Dittrich and Sibler, 2010) and some strains of Chlorella (Watanabe et al., 2006) are known to secrete extracellular polysaccharides, which may act as binding sites for Ca 2+ and CO 3 2-. The importance of biofilms in freshwater carbonate precipitation has been demonstrated by Rogerson et al. (2008) in their experiments on tufa systems.
ABSTRACT In the course of a routine water-quality survey in meso-oligotrophic lake Geneva (Switzerland), suspended matter was collected by filtration on 0.2 µm membranes in July and August 2012 at the depth of maximal chlorophyll a (Chl a) concentration (2 mg m -3 ). Examination by scanning electron microscopy revealed the presence of numerous dark and gelatinous patches occluding the pores of the membranes, containing high numbers of picoplanktonic cells and, in places, clusters of medium-to-high-reflectance smooth microspheres (0.6 µm in diameter). Their chemical composition, determined by semi-quantitative, energy-dispersive X ray spectrometry (EDS) showed magnesium (Mg), calcium (Ca), strontium (Sr) and barium (Ba) (alkaline earth metals) to be the dominant cations. Among the anions, phosphorus (P) and carbon (C) were present, but only the latter is considered here (as carbonate). The microspheres were subdivided into four types represented in a Ca
In contrast to CaCO 3 , data on precipitation of other alkaline-earth metals (AEM) such as strontium (Sr) and barium (Ba) are scarcer. This is understandable, as the concentration of these elements in lake water is much lower (molar ratio Ba:Sr:Mg:Ca is of the order of 1:40:1900:8200 in lake Geneva), with saturation indices for Sr and Ba carbonates well below zero under normal physico-chemical conditions.
In the marine environment, biogenic Ba preferably precipitates as sulfate (barite) within dead phytoplankton aggregates (abiotic precipitation) (Jeandel et al., 2000) , or under the direct influence of biological processes (Gonzalez-Muñoz et al., 2012) .
In lake Constance, Sr has been found to co-precipitate with calcium (Ca) in calcite, while a Ca-independent Sr uptake by biota is negligible Stabel, 1989) . According to Stabel et al. (1991) , the water of this lake is always undersaturated with respect to SrCO 3 (strontianite), not to mention BaCO 3 (witherite).
Barium and Sr sulfates (barite and celestite) are known to be present as biominerals in the terminal vacuoles of freshwater Desmids such as Closterium and Micrasterias (Brook, 1980; Wilcock et al., 1989; Krejci et al., 2011) . Barium carbonate (as witherite) has been reported to be precipitated as fibrous crystals by bacteria (Sanchez-Moral et al., 2004) . Another avenue for precipitation of AEM is given by the prostomatid ciliates Loxodes and Remanella, whose müllerian vesicles contain, respectively, Ba and Sr salts (Finlay et al., 1983; McGrath et al., 1989; Lynn, 2010) .
It is only recently that a well-identified amorphous carbonate containing magnesium (Mg), Ca, Sr and Ba (attributed to a benstonite-like phase) was found in highly alkaline lake Alchichica microbialites by Couradeau et al. (2012) . In this case, the carbonate is precipitated as intracellular inclusions in a novel cyanobacterium (candidatus Gloeomargarita lithophora).
Within the framework of ongoing water-quality surveys undertaken by the Service de l'écologie de l'eau (SECOE) in Petit-Lac (the southwestern part of lake Geneva), suspended matter was collected in 2012 by filtration at the depth of maximum chlorophyll a (Chl a) concentration. Examination by scanning electron microscopy (SEM) coupled to energy-dispersive X-ray spectrometry (EDS) revealed, in July and August samples, the presence of Mg-Ca-Sr-Bacontaining microspheres, seemingly related to mucilage packaging picoplanktonic cells.
We present here preliminary investigations conducted by SEM/EDS on the microsphere samples currently available. This study is part of a series of geomicrobiological analyses conducted in lake Geneva (Jaquet et al., 1982; Plée et al., 2008; Glas-Haller, 2010) .
METHODS
Petit-Lac represents the southwest portion of Léman or lake Geneva. After undergoing eutrophication in the 1980s and 1990s (Anneville and Pelletier, 2000) , this hard-water lake is now in the process of re-oligotrophication. Data on physico-chemistry, phytoplankton, zooplankton and fish production is available in the French-Swiss Commission yearly reports (CIPEL, 2011; Lazarotto and Klein, 2012) . Recent studies on phytoplankton can be found in Anneville et al. (2002) and Gallina et al. (2011) .
Monthly measurements of physico-chemistry and water samples were taken at GE3 station (6.22°E/46.30°N) at 10 different depths ranging 0 to 70 m with a plastic Niskin ® bottle. Also, continuous recording of Chl a and turbidity was done by means of a Wet Labs ® probe (Wet Labs, Philomath, OR, USA). Phytoplankton was collected by means of an integrating sampler over the top 20 m, and taxa were identified and counted following Utermöhl method. A larger water volume (10-15 L) was sampled at the depth of maximum Chl a concentration, followed by gentle vacuum filtration in the lab within a few hours on return from the field. For gravimetry, Whatman ® GF/F membranes (Whatman Ltd., Maidstone, UK) were used, and Schleicher & Schuell ® nitrocellulose (NC 60; 0.6 μm) (Schleicher & Schuell BioScience GmbH, Dassel, Germany) as well as Millipore ® polycarbonate (PC GTTP; 0.2 μm) (Millipore, Billerica, MA, USA) for SEM/EDS. Filters were air-dried, and no fixation was applied on this first set of samples. Sub-samples of filters were mounted on aluminum stubs covered with double-sided conductive carbon tape. A coating of gold (ca 15 nm) or carbon (ca 15 nm) was then deposited on the samples prior to imaging with a Jeol ® JSM 7001F SEM (Jeol Ltd., Tokyo, Japan) (Department of Earth Sciences, Section of Earth and Environmental Sciences, University of Geneva, Switzerland) with an acceleration voltage of 15 kV. Semi-quantitative elemental analyses were performed with a JED2300 EDS detector (Jeol Ltd.; working distance: 10 mm).
Carbonate species concentrations and calcite saturation index [SI=log (IAP/K S )] were calculated using the software Aqion 2.5.1 (www.aqion.de), based on USGS PHREEQC (Parkhurst and Appelo, 1999) and the thermodynamical database wateq4f (Ball and Nordstrom, 1991) .
This preliminary study concerns two suspended matter samples in which microspheres were present. were identified visually on the stubs at a magnification of 1000x and numbered as specimens (Spx_y-z, where x=1 for 10.07.12, x=2 for 07.08.12; y=cluster number and z=microsphere number). In order to verify the analytical results obtained by EDS on the microspheres, the mineral benstonite [Mg Ca 6 (Ba x Sr y ) (CO 3 ) 13 ] (with x+y=6) was synthesised following a modification of Hood and colleagues' procedure (Hood and Steidl, 1973; Hood et al., 1974) . The precipitate was aged for three days prior to SEM/EDS analysis. It consists of spherical aggregates of nanoparticles ( Supplementary  Fig. 1 ), similar in shape to CaCO 3 or SrCO 3 polymorphs reported by Wu et al. (2004) , Sun et al. (2006) and Sondi and Matijevic (2003) . The precipitate attribution to benstonite was confirmed by X-ray diffraction (XRD) (Supplementary Fig. 2 ) and Raman spectroscopy ( Supplementary Fig. 3 ).
RESULTS

Limnological context
The microsphere-containing suspended matter samples were collected both times in fairly similar conditions ( Fig. 1a ): at 6 m in the metalimnion, corresponding to the peak concentration of Chl a (2 mg m -3 on both dates) and with a turbidity around 1 NTU.
The water was saturated, with respect to calcite, down to 7 m in July and 10 m in August (Tab. 1, Fig.  1b ). Other interesting features are the molar ratios (in solution) Sr/Ca, around 0.0050, similar to lake Constance values as mentioned by Stabel et al. (1986) , and Sr/Ba, which is higher in the epilimnion (43-45.5; Fig.  1c ), practically mimicking the Chl a profile (Fig. 1a) . Analytical results (Tab. 1) indicate, at 5 m depth, higher temperature, pH, Sr/Ba and calcite saturation values (0.34 vs 0.13) in August. These Sr/Ba maximums were not observed during our other campaigns in 2012 (data not shown). Fig. 2 shows the phytoplankton groups found in July and August integrated over the top 20 m of the water column. Because of the integration, this may not represent exactly the taxa living at 6 m depth. Moreover, apart from Chlorella sp., it does not include picoplankton, which is omnipresent in the SEM images. In terms of biomass, diatoms (Bacillariophyceae) largely dominate in July, with ). No measurements were carried out for water samples at the Chl a maximum. However, for lake Geneva in August (upper 15 m), Personnic et al. (2009) report picocyanobacterial abundance values up to 3 10 5 cell mL -1 .
Overall morphology of suspended matter
The general aspect of the suspended matter collected on 10 th July (concentration: 2.6 mg L -1 ) and 7 th August (concentration: 1.8 mg L -1 ) is shown in Figs. 3 and 4, respectively. An obvious feature of both samples is the presence of dark patches, very likely of mucilaginous nature, which obliterate the membrane pores.
Low reflectance picoplanktonic cells, either spherical ( Fig. 5a , right) or ellipsoidal ( Fig. 6a) , are densely packed within the mucilage patches. Their dimension is of the order of the μm. In places, the patches contain clusters of high-reflectance, spherical or subspherical bodies (Fig.  5a) , with diameters varying between 0.6 and 3 μm. These microspheres are described in detail below. The mucilage embedding the clusters and picoplanktonic is electronically quasi-transparent, and its limits can be quite sharp and sub-circular (white arrows in Fig. 6a and 6b) , suggesting an originally spherical shape prior to the deposition on the filter and subsequent collapse through drying. The presence of this organic matrix is further confirmed by a fortunate feature stemming from electron damage, visible on Fig. 6c : whereas most of the microspheres' contours are blurred by the organic coating (Hernández Mariné et al., 2004) , the cracks reveal the presence of underlying, bare, sharply delimited microspheres (within white frames in Fig. 6c ).
Calcium carbonate is present as isolated crystals (>5 μm) or aggregates (Fig. 6a) , showing signs of corrosion (Fig. 5a ). These do not have any visible relationship with mucilage.
In July (Fig. 3) , suspended matter contained, in addition to picoplankton, nano-and microplankton ( Fig. 2 ): centric and pennate diatoms and chrysophyte siliceous scales. Ceratium hirundinella and diatoms (Achnanthes sp.) (Fig. 4) were present in August.
Tab. 1. Chemical composition of water at GE3 station (selected elements) and in lake Alchichica aquarium (from Couradeau et al., 2012) . Fifty-five individual microspheres were characterised by SEM and analysed by EDS (Tab. 2). Their morphology can be inferred from SEM photographs in Figs. 5 and 6. They are spherical or sub-spherical and, prior to EDS analysis at least, display a very smooth and featureless surface. Their diameter varies between 0.6 and 3 μm. When struck by the electron beam, a small hole generally appears in the microsphere, which then exhibits damage consisting of cracks and surface alteration (darker punctuations; Figs. 5b and 5c). These features seem to be the expression of bubbles developing inside the microspheres. Notice that adjacent microspheres are also affected, being within the electron beam interaction volume of a few cubic μm (white circle in Fig. 5b ). In some other instances (Fig. 5c) , the electron action induces desquamation of the microspheres, which then appear to be composed of several successive layers a few nm thick. In all cases, these bodies seem to consist of a solid, seemingly amorphous substance (at least at the magnification of the SEM, and pending verification by electron diffraction).
Chemical composition
The microspheres investigated so far have been grouped in five types on the basis of their chemical composition, determined by EDS semi-quantitative analyses checked by reference to a synthetic benstonite standard. The type numbers and names with averages and minima/maxima are listed in Tab. 2, and the individual microspheres' positions in the Ca-Sr-Ba molar ternary space are shown in Fig. 7 . So far, we found 35 microspheres belonging to type I, seven from type II and V, three from type III and only one from type IV. Because of the relatively small sample size (55 clusters), these numbers do not necessarily reflect the true proportion of the various types.
In Tab. 2, the major potential cations are Ca (always present), Ba and Sr, with minor amounts of Mg and potassium (K). Only in type V could P act as a potential anion. However, in this type, there is a severe charge imbalance (Tab. 2, last columns) if P is under the orthophosphate form. This anomaly is hitherto unexplained. In the other groups, we had to postulate the presence of CO 3 2-, because carbon cannot be validly analysed with the EDS configuration at our disposal. This can be justified by the carbonate hardness of lake Geneva water and by the findings by Couradeau et al. (2012) , who report the presence of intracellular granules of an unusual benstonite-like phase, a carbonate (Tab. 3, last column) very similar to our microspheres. In the present paper, we shall deal only with types I, II, III and IV (alkaline-earth metal carbonates), setting aside type V to a further study.
Energy-dispersive X-ray spectrometry mapping was carried out to check the distribution of, chiefly, Mg, Ca, Sr and Ba among the various components of suspended matter. An example is given in Fig. 8a (cluster Sp2_4, Darker parts are believed to be mucilage packaging picoplanktonic cells (see Fig. 6a and 6b for further details). Two clusters of microspheres are labelled Sp2_1 and Sp2_2 (in white frames). Couradeau et al. (2012) . In this specimen, Ca and Ba are exclusively concentrated in the microspheres, some of which may be rather small. The Sr and silicon (Si) maps are similar due to peak overlaps (Fig. 8b) .
Tab. 2. Microspheres average composition (atom %).
DISCUSSION
Chemical composition in terms of dissolved alkaline-earth metals
The concentrations of Ca, Sr, Ba and their seasonal variations are quite similar in lake Geneva and lake Constance (Stabel et al., 1991) , where these elements are depleted in epilimnion during summer. In lake Geneva, the ratios [Me] 5m /[Me] 70m computed from Tab. 1 were, in August 2012, Mg: 0.95, Ca: 0.82, Sr: 0.90 and Ba: 0.85. Hence, it seems that Ca and Ba are slightly more depleted than Mg and Sr, as an echo to the composition of the microspheres, Ca and Ba representing more than 90% of the cations (Tab. 2) in type I microspheres. In lake Constance, Sr and Ba are said to co-precipitate with calcite at an almost constant stoichiometry in particulate material (molar Sr/Ca=0.0084; atom Sr/Ca=0.018). This could also be the case in lake Geneva, with additional scavenging by the biologically mediated precipitation of specific amorphous AEM carbonates. In contrast, there is no sign of a decrease in Ba concentration towards the bottom (Tab. 1), as in lake Biwa, through adsorption on hydrous manganese oxides (Sugiyama et al., 1992) .
Physico-chemical framework for microspheres precipitation
It is not known whether amorphous AEM carbonate (AAEMC) microspheres existed at other depths and dates than those found by chance in summer 2012. We only know they occurred in the thermocline, near the Chl a concentration or biomass maximum, in waters saturated with respect to calcite and at a depth where the dissolved Sr/Ba molar ratio was maximal (Fig. 1) . It is, therefore, not unreasonable to postulate that there is a link between microsphere precipitation and phytoplanktonic primary production (PP) (primary production and phytoplankton biomass maxima generally coincide in lake Geneva) (Tadonleke, 2012) . This is substantiated by the close spatial association of microspheres and picoplankton visible in SEM images (Figs. 5a and 6a) . If the macroscopic physico-chemical conditions (saturation index>0; Tab. 1) enable the precipitation of calcite crystals, the situation is different for the AAEMC. Although we were not able to find a value for the solubility constant K s of crystalline benstonite (let alone for its amorphous, various species), we can approach the question by considering Stabel et al.'s (1991) ). Extending these figures to our case, it is obvious that Sr and Ba concentrations given in our Tab. 1 are much lower, meaning that these AEM carbonates cannot precipitate under the macroscopic pH and temperature conditions in lake Geneva. This is likely to apply also to benstonite-like minerals, the precipitation of which will necessitate micro-environments with extreme conditions (elevated pH, increased ionic concentration and alkalinity). 
Micro-environment
This micro-environment is provided by the combination of picoplanktonic cells and a mucilage-like matrix in which microspheres have been observed to be embedded. Mucilage or EPS (exopolymeric substances) excreted by micro-organisms consists mainly of polysaccharides, which may contain functional groups for metal binding (Tien, 2002; Sibler, 2006, 2010) . For instance, Alvarado Quiroz et al. (2006) have reported the strong binding capacity of sticky EPS-derived acid polysaccharide compounds for thorium (IV). Likewise, Acharya et al. (2009) showed that the ability of Synechococcus elongatus to bind uranium was due to its complexation with ligands within the EPS coating cell surface. Extracellular polymeric substances are known to stabilise microbial cells against highenergy environments and to provide a chemically protective microenvironment. They also serve to bind and concentrate Ca 2+ and Mg 2+ ions and raise the alkalinity of the surrounding water (Decho et al., 2005; Couradeau et al., 2012) .
Mucilage has not yet been chemically characterised in the samples under study, but we interpret the low reflectance portions of the polycarbonate membranes (Fig. 3) as extra-cellular mucilage because of the following characteristics: obliteration of the 0.2 μm pores (Figs. 5a and 6a); coating of microspheres and presence of numerous picoplanktonic cells (Fig. 6b) in their midst; patch size reaching several tens of micrometers, thereby ruling out their attribution to flattened cells; and, of course, existence of AAEMC precipitates, which were never found outside the dark parts of the membranes.
The taxonomic attribution of the picoplankton associated with the mucilage will be clarified in a follow-up study. At the present stage, the densely packed, coccoid cells visible in July sample (Fig. 5a ) could be tentatively attributed to two taxa: a member of i) the Chlorellaceae (Chlorella, Dictyosphaerium) or ii) the Chroococcaceae (Aphanocapsa, Aphanothece). Chlorella has been identified in the integrated phytoplankton counts, and these colonial taxa may have mucilaginous envelopes (Bock et al., 2011; Watanabe et al., 2006) . Grouped under a small eukaryotes category, they have been found in summer in lakes Annecy, Bourget and Geneva (Personnic et al., 2009) . The cyanophyta Aphanocapsa and Aphanothece have also been counted in the integrated phytoplankton sample. In August, most of the micro-organisms found close to the AAEMC microspheres (Fig. 6a) seem morphologically similar to a species of Synechococcus (Callieri and Stockner 2002), a cyanobacterium known for its association with EPS (Alvarado Quiroz et al., 2006) . Besides, it is possible that Synechococcus and Chlorella coexist in the so-called association Z reported by Callieri et al. (2006) in lake Maggiore. Epifluorescent microscopy, necessary to discriminate between pro-and eukaryotes (Callieri, 2010) , could not be done at the time of sampling in summer 2012. However, water samples collected at the same GE3 station in June 2013 were examined by a combination of SEM and confocal laser scanning microscopy. Under blue excitation we found coccoid and rod-shaped cells appearing yellow [PE-cells of Callieri (2010)], and larger (1-2 μm) cocci emitting in light red (pico-eukaryotes). This finding somewhat supports the taxonomic attribution presented for the summer samples.
On the basis of only SEM images, we cannot know whether the microspheres have precipitated next to, or at the expense of, picoplanktonic cells. The microspheres' aggregation in clusters and their almost perfectly spherical shape would stand in favour of the former alternative, whereas the presence of a pellicle surrounding an internal part might indicate precipitation at the cell surface, as observed by Schultze-Lam and Beveridge (1994) for a Synechococcus strain.
The mineral phase
Medium-magnification SEM images do not reveal any clear features on the microspheres' surface (Fig. 6c) . They seem to be solid and compact inside, and the bubbly texture seen in Fig. 5b is an artifact clearly due to EDS analysis. This points towards an amorphous nature for the microspheres, characterising also the AAEMC intracellular granules of lake Alchichica (Couradeau et al., 2012) . Interestingly, Addadi et al. (2003) stress the role of amorphous CaCO 3 (ACC or vaterite) in biomineralisation, as temporary storage deposits in various vesicles and transient precursor of calcite or aragonite (Konhauser and Riding, 2012; Mori et al., 2009; Gower, 2008) . Finally, similar spherical shapes have been reported in amorphous barite precursors (Gonzalez-Muñoz et al., 2012) .
Strictly speaking, types I to IV microspheres should take place in a tetraedric space with Mg, Ca, Sr and Ba apices to account for the composition given in Tab. 2. However, we have chosen to reduce this representation to a ternary Ca-Sr-Ba system: never exceeding a few atom percents, the Mg analytical results are somewhat doubtful and thus can be temporarily disregarded. The ternary plot of Fig. 7a shows the microspheres to be confined within the domain Ca>45; Sr<10; Ba<50 (expressed here as %). The Ba/Ca molar ratio varies between 0 and 1.1, indicating a very broad mixture of these cations compared to a relatively narrow Sr variability. In terms of a possible influence of the sampling date on the composition, the domains of occurrence of July and August microspheres on Fig. 7b being separated in places, while overlapping in others, the question cannot be solved for the moment. The plot of Fig.  7c has been used to establish a provisional typology of the microspheres (Tab. 4). The reality of five discrete types will have to be checked through the analysis of further microspheres, with consideration of the limited accuracy of EDS analyses. This will establish whether the chemical compo- Fig.  7c , though, is the impossibility of subdividing type I, as a great variability in the Ba/Ca ratio exists between microspheres within a given cluster (represented in the figure as a line joining the squares). Type III differs from type II by the presence of P and S (Tab. 2). Type IV is, so far, represented by only one individual. We have attributed type I microspheres to a benstonitelike amorphous phase. The benstonite mineral species is part of the Nickel-Struntz 05.AB Alkali-earth carbonates Couradeau et al. (2012) . category (Barthelemy, 2012; Jolyon, 2012 13 . The variability in composition of different species of benstonite is illustrated in Tab. 3 (from literature) and Tab. 4 (our samples).
In the absence of any significant amount of Mg and Ba, types II, III and IV chemical compositions could be those of an amorphous CaCO 3 analogous to vaterite with varying amounts of Sr. The molar Sr/Ca ratio in these types of microspheres is around 0.05 (Tab. 5), equal to that found by Lauchnor et al. (2013) in microbially induced Ca and Sr co-precipitates. This value lies in the miscibility region of the phase diagram of Sr x Ca 1-x CO 3 solids (Ruiz-Hernandez et al., 2010) . As already mentioned, in lake Constance this ratio -computed for well crystallised calcite -is only 0.0084 (Stabel et al., 1991) . For ostracod valves in lake Geneva, Sr/Ca never exceeds 0.0025 (Decrouy et al., 2012) . These comparisons seem to indicate a higher Sr sequestration potential for the processes producing microspheres.
The EDS analyses being of semi-quantitative nature, caution has to be exercised when comparing our microspheres' composition to that of mineralogical or lake Alchichica benstonite-like phase, the latter given as (Sr 1.0 Ba 2.7 Mg 1.4 Ca 0.9 )Ca 6 . 0 Mg(CO 3 ) 13 (Tab. 5, last column). Compared to synthetic benstonite (Tab. 4), lake Geneva microspheres may be higher in Ca (type I, max. Sr and min. Ba), and are always lower in Mg and Sr. All the formulas for mineralogical benstonite found in literature have in common an index very close to 6.0 for Ca. This is the case for some lake Geneva type I microspheres, but not for Alchichica granules (6.9). As regard to this and the rather imprecise definition of benstonite, we will consider the attribution of type I microspheres to this mineral phase as tentative only.
Some interesting trends emerge from the element ratios given in Tab. 5. First, the AEM molar ratios are not the same in water and in the microspheres; with respect to Ca, Mg is depressed in the precipitates whereas Sr (average 0.06 in precipitates vs 0.0054 in water) and especially Ba (0.30-0.60 vs 0.00012) are strongly enriched in the microspheres. The dominance of Sr in water (Sr/Ba=44.3) is inverted in type I microspheres (Sr/Ba=0.12). This Ba enrichment is similar to that existing (as barite) in desmids (Wilcock et al., 1989) and marine bacteria (GonzalezMuñoz et al., 2012) . This could reflect the affinity of Ba for biota (Martin and Knauer, 1973; McGrath et al., 1989) . An explanation for the differential enrichment of Sr and Ba in the microspheres could be traced in Rogerson et al. (2008) , who found that ions other than Ca can be chelated into biofilm EPS, and that this process was highly selective in favour of those ions with small charge density. Second, with respect to lake Alchichica AAEMC granules, microspheres in lake Geneva are much lower in Mg (Mg/Ca=0.02 vs 0.56) and much higher in Ba (Ba/Ca=0.30-0.60 vs 0.11). This reflects the highly alkaline character of lake Alchichica waters (Tab. 1, bottom row), with high Mg and low Ca, Sr and Ba concentrations.
CONCLUSIONS
Type I amorphous microspheres (0.6-3 μm diameter) containing Mg, Ca, Sr and Ba found in the epilimnion of lake Geneva in summer 2012 have been tentatively interpreted as a benstonite-like mineral phase. Types II, III and IV, without Ba and with variable Sr, could be ascribed to a vaterite-like phase, a precursor of calcite. All these types are characteristically precipitated within a mucilaginous matrix embedding picoplanktonic cells.
Type I AAEMC microspheres' chemical composition, determined semi-quantitatively by EDS, bears some analogy to that of cyanobacterial intracellular inclusions found in alkaline lake Alchichica (Mexico) microbialites. In lake Geneva, however, the microspheres are pelagic, seemingly extracellular, and contain less Mg but more Ba.
Discovered a posteriori in dried suspended matter deposited on filters, these precipitates could be studied only in a preliminary manner. In the context of the little-known Sr and Ba cycles in freshwater, their occurrence raises a series of questions, which will be dealt with in a dedicated study planned for 2013. Is the typology found in 2012 a permanent feature, and how can it be explained? What is the taxonomic attribution of the picoplanktonic cells spatially associated with microspheres within the mucilage? Precipitating in epilimnion, do the microspheres survive in hypolimnion, and possibly in the sediment? Finally, the internal structure and exact composition of the AAEMC precipitates (as carbonate or phosphate in type V?) and associated mucilage should be investigated with adequate tools in order to gain a proper understanding of this peculiar process of AEM sequestration. 
